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Unit 2 Notes, Part 4: The Macromolecules
Ms. Ottolini, AP Biology
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Big Questions ~ wrbotL

Why is Carbon a fundamental atom in biological
systems?

How does the structure of carbon allow for
functionally infirite complexity in the structure of
molecules that contain it?

Why Carbon?
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3 Kinds of 1somers

{a) Structural isomurs
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Biological systems tend to use only one
of any two enantiomeric forms.
All cells use D-sugars, and L-amino acids

Getting To Know
The Functional Groups

Functional Groups modify the
propertics of organic molecules



Hydroxyl

3TRUCTURE g

(may be written

HO—)
IXAMPLE
H H
H C C -OH

H H
Ethanol

—OH

Alcohols
{Their specitic
names usually
end in -ol.)

NAME OF
COMPOUND

FUNCTIONAL
PROPERTIES

Is polar as a resuit
of the electrons
spending more
time near the
electronegative
oxygen atom.

* Can form hydrogen

bonds with water {l
molecules. helping

dissoive organic

compounds such

as sugars.
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[ Carbonyl J

STRUCTURE

EXAMPLE

Acetone

HH
HCC

H H
Propanal

c:?o..

Ketones if the carbonyl
group is within a

carbon skeleton ——
Aldehydes if the carbonyi

group is at the end of the
carbon skeleton

NAME OF
COMPOUND

—

FUNCTIONAL
PROPERTIES

* A ketone and an
aldehyde may be
structural isomers
with different properties.
as is the case for
acetone and propanal.

* Ketone and aldehyde
groups are aiso found
in sugars, giving rise
to two major groups
of sugars: ketoses
(containing ketone
groups) and aldoses
(containing aldehyde
groups).

———

Carboxyl ]

STRUCTURE

ZXAMPLE

Acetic acid

Carboxylic acids, or organic
acids

NAME OF
COMPOUND

FUNCTIONAL
PROPERTIES

* Acls as an acid; can
donate an H' because the
covalent bond between
oxygen and hydrogen is so

polarr S R caltd ¥

OH

MNonionized lonized

it A\n\\ !
» Found in cells In the ionized. |

torm with a charge of 1~ and

called a carboxylate ion.
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Amino

STRUCTURE Amines

EXAMPLE * Acls as a base; can
pick up an H* from the
surrounding solution
(water, in living

organisms):

Moy

H + —N = —*N—H
\I|.1 }!'
Nonionized lonized

Glycine

* Found in celis in the
ionized form with a
charge of 1+.

i Sulfhydryl ]

STRUCTURE Thiols

.
(may be
written HS—)
IXAMPLE
e react, forming a covalent
R ol bond. T{j;_ﬁmdmkluﬂ
| helps sfabilize protein

struciure. .
icture.

|
N .

Cysteine

Cross-linking of cysteines

in hair proteins maintains
the curliness or straightness
of hair. Straight hair can be
“permanently” curled by
shaping it around curlers
and then breaking and
ra-torming the cross-linking
bonds.

. Methy |

3STRUCTURE Methylated compounds

IXAMPLE * Addition of a methyl group
| s to DNA, or to molecules
G- _CHy bound to DNA, affects the
D expression of genes.
¢ * Arrangement of methyl
groups in male and female
| sex hormones atfects their
H shape and function.

5-Methyl cytidine

NAME OF
COMPOUND

FUNCTIONAL
PROPERTIES

NAME OF
COMPOUND

FUNCTIONAL
PROPERTIES

NAME OF
COMPOUND

FUNCTIONAL
PROPERTIES

List of eunctionad Groups
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Phosphate

5TRUCTURE Q ~ Organic phosphates NAME OF
w8 COMPOUND
@ O oro
O o
IXAMPLE * Contributes negative FUNCTIONAI
charge to the molecule PROPERTIES
OHOHH O of which it is a part
. (2- when at the end of
H-C- G C ~Omapgsi a molecule, as above;
] W 1- when located
H HH s internally in a chain of
phosphates).
Glycerol phosphate * Molecules containing

phosphate groups have
the potential to react
with water, releasing
anargy.

A little difference
goes a long way!

The entire difference in the physical appearance of
genders is due 1o the effects of these two hormones!

Make Sure You Can

Explain how the structure of the Carbon atom leads

to the emergence of complexity in carbon containing

compounds , . . s parkes oF
g (Ve e ‘ -

Identity all of the functional groups discussed in this
presentation,

. contributes to the properties of the molecules that
. contain them.

Explain how each of the functional groups discussed + ©
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Big Questions

How are the malecules of biological
syatems canstructed?

Why are particular groups of molecules
needed in biological systems?

How do the interactions of biological
maolecules lead to the emergence of life
functions?

So, What's a Macromolecule?

« Big! (hence "macro”)

4 \'1-:1(](’ (.'."f TIE'_’\\', cCommaon ataims
» Accomplish all life functions

* Put together in a special way
» Can be incredibly complex

4 Main Kinds

Carbohydrates
Lipids

Proteins
Nucleic acids

——
.
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Building Macromolecules

Except for lipids, macromolecules exist in two
forms

» Monomer- the simplest unit

- Polymer- a large molecule made of repeating

monomers

The movement between monomers and
polymers is facillitated by adding/removing
waler. % A *0
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Dehydration Synthesis

Buildls more complex molecules ——

B D o smaller ones by removing 2 H ' \«Wk‘{ a. FOJQ:’M

) ? & 1 O, and repiacing it with 4 e \ \ L0 [ aa i—i"‘ql \ o Pl
- bhond. P VERVR wb 4 KOS
T G, Wi, B Water is produced!

Builds complexity "anabolic")
Requires eneryy "endergonic’ &
enzymes ‘more later)

Hydrolysis
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Reverse of dehvdration synthesis ,> Bl €A \‘

Ol lvsis = "breaking W oo ui
Water is needed! —'-"—'—'—-'——————-——-_._j L ( ) < @ [/{ CL"‘-‘-- "
, e Reduces complexity {"catabolic") H U W=

Releases energy ("exergonic”)

L DO D Enzymes still required!

We will now take a tour

Things to focus on:
1. Structure & Function 2. Atoms Needed
3. Maonomer A 4. Polymer d

Carbohydrates
General info: e (ctuose= Gl 0,

« "Sugars" & "Starches” e - . n. . _
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Monosaccharides & Disaccharides

bese are the major carbohydrates used for eneray
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(B) Dehydration reaction In B Synthesis of sucrose

Polysaccharides

Massive polymers of sugars are called "polysaccharides”
Glucose polymers have two main functions in organisms

Energy Storage

Polysaccharides are greal for short term
storing ol energy.

In plants, amylose ("starch”) is the major
energy storage polysaccharide.

Chioroptast  Starch granuias

eh: .
A plant pelyRacshanss
Animals use glvcogen for energy storage

Mitochondria  Glycugen granules
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Structural Support

Celiulose s the major component of plant-ike

el watls.

Cell wall <775 o)

-
‘%‘ ?iﬁ Cellulose

\é‘{ B I. G

& microfibrils
o in a plant
S % cell wall
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The difference between starch and cellulose is

it the linkages between glucose units,
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The Problem of Herbivory

Herbivores need 1o digest cellulose.
Animals lack the enzymes necessary 1o break beta linkages
Several strategies are employed.

Termites!

3 AW E

The most famous wood-eater of the animal
kingdom has a symbiotic relationship with a
protist,

In exchange tor a place to live (the termite
aut), the protist does the cellulose digestion

Ruminants!

Intestine

\

o Rumen 0 Omasum

Lamnants like cows have a vastly expanded upper G tract.

Fhe action of bacteria, and continual regurgitation and

chewing of "cud” leads to the digestion of cellulose
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Caecophores!

ot gl

wecaphores fike bunnies have an

expanded lower Gl tract. Feod can

riot ated, but there is
Al e pat partiaily digested
cedhulose back i to the animal.

Other Carbohydrates

Chitin = a modified polvsaccharide.
Used in fungi cell walls, arthropod exoskeletons, and
cissolving stitches!

Peptidoglycan = another modified polysaccharide.

Used iy bacterial cell walls g%

Lipids

General info:

- Fats, Qils, Waxes

» Made ot C, H, and O

« Used for long term energy storage & insulation

« N lvmers. ¢/ PESGTRELS W or) CvinalS
No polymers. ¢ ¢ BEELRRELS, W10 Crinid D

+ 3 major groups: triglvcerides, phospholipids, & steroids




Tnglycendes ’
uhycerides are made of one glveerol & 3ttty adids, \4 \J‘\S L(&ﬂc ‘-(
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eshe
g *6%@-@% %@ T othar o (moS 0T

#*gf fhormones, & cholesterol.
. Nmab]e structure = fused rings (k uLm L ANS )
- Presence of different functional groups leads to
cdifferent functions

Proteins
General mfo

» The most complex iological molecules,
s Made of O, HL, O, N & alittle S
= Lised to accomplish all lite tunciions

= All proteins are polvmers of o acid monomers \.

= Ao acds are jomned by "peptude honds —
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Amino Acids L7~ —(coew e
= There are 21 known amino acids gsecin bioloei@al systems.

= Allamino acids contain an @?c roup., bonded to a central
"Mpha' carbon.

- bvery amino acid differs in the structure of o variable vroup symbolized as &)
bonded 1o the alpha carbon, s

« The structure of the Rgroup varies widlely, "
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B.

Amino Acids with Polar Uncharged Side Chains

Serine

(Ser) 9

pKa 213

Threonine

(Thr) 0

pKa 2.20

C._Special Cases

Cysteine:,

: Cys) G i

Selenocysteine  Glycine
(Sec) @ (Gly) @
¥a g & pka 234

() “0

pXa 10

SeH

#

\ v pRagsd

7

?\tjftdg-‘-

Asparagine

{Asn) m

pKa 2,16

o

\ "/ pKa 876

ff

~

NH,

Proline

iPro) 0

K 195 A/o

e
NH,  (5—NH,

-~

NH,

o KR 1G4T

NH

Ag l':'}rj}"-( h}jd- Egg p

ate

D.  Amino Acids with Hydrophobic Side Choin

Alanine

u'-i.;ra

lsoleucine

ke o

Leucine

Lew 0

4+ " :é.
Methionine

g

- (Men)

Phenylalanine

(Phe

(F]

PRI

Glutamine

(Gln) @

pKa 218

Tryptophan

{Trp) @

ik

o

Tyrasine

ITyr} 0

pkaZ2E
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Chains of amino acids have a directionalitv, with an
armino end UN=terminus”) & a carboxyvl end ("Caermmus”)

4 {
I
CHy oM
C
CHy g L)
CHa CHy CHy
1 t
H H [ H S
i
H M c -G n? c-@ T c----?—--w
i I
H o "o H o
Peptide bond @
New peplide
: CHy oH bond forming
1 i
Side s 5&‘*-3
chains « CHs En;!r | sH
o, CHe Cihe
I oow u l 0ol
Back- | i [
BONe ( H--N-—G— G- “"'?""f‘“ - N-C—C-OH
H o 0 H O
Aming end Peptice Clrboxyl end
{N-terminus) bona [C-tarminus)

Protein Structure

P ataser e the diveraiy of anuno acues, protems have vorv ¢ penphes b D struciures,

Coenerably, we can consader 4 fevels G protem sirgctune:

P I I ma ry S t ruc tU e Primary ‘*r:“."“’tf*j P‘rm.%rh:mr n:

What it is:

The sequence of amino
acids in one polypeptide
chain

How it happens:
Peptide bonds between
amino acids.

g (attok f&{ﬂ- Hy(mp
v U+L L l") ar ¢ L.LJ{){U“

How does the cell -
"know" the order of P ; . SPAE 3L
amino acids? L Crder of Gamiag al (A !
. o - 3 . : . " ~
e Lased o\ W ™ G

Secondary Structure SN BAses il
What it is: ) 7
Regular, repeating 3D structures found in all DN B
polypeptide chains.
How il happens:

;/' haelix’ j?je“ Hydrogen bonding N
LD e MellIX J)lwee aloms in the Ca S po f\u\/\ — AAiYm (-'
’\,Lt. u t 1 % . i . )
“ A . backbone of the . ‘)/ \4 Ck.\-ﬁ’
*&?:a"w*@f ) i):) ypeptide (no R- l")l‘ Cu ' 4
:4'.-_.,23.&._-.-%- oo d i 7 groups involved) \ } \ o
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LRy i‘zhk ¢ Quated haet ' '
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{ Wh do all proteins have similar secondary structures? e sl
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Tertiary Structure 3 s~

)
The specific 3D shape of a \*\m ' e

o, -

particular polypeptide chain T
(aka the "conformation")

...........

I What kinds of interactions can occur to determine
lertiary struclure?

How it happens:

Interactions between R-group
atoms with other R-groups
and the local environments of

the cell

Quartenary Structure

What it is:

The specific 3D shape of any protein that is made of
more than one polypeptide chain (many are).
The only "optional" level of structure.

How il happens:

The overall structure when .
multiple chains form a
functional protein.

Why do some proteins
consist of more than 1
polypeptide chain?

Protein Function

What do proteins do?

Generally speaking: Proteins are responsible for all hife
activities of the cell fand by extension, the organism,

population, etc.

Your hook gives a pretty good overview:
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Storage proteins

Function: $torage of amino scids

Examgples: Casein, the protein of milk, is the major
source of amino acids for baby mammals. Plants have
storage protains in their seeds. Ovaibumin is the
protein of ogg while, used as an amino acid source
for the developing embryo.

—_—

Amino acids
for embryo

Ovalbumin

Hormonal proteins

Function: Cocrdination ol an org: n's aclivities
Example: insulin, a hormone secreted by the
pancreas, causes other lissues (o lake up glucose,
Ihus regulating blood sugar concentration,

blood sugar

g
blood sugar

Struetural proteins

Function: Supparl
Examples: Keratin |a the proteln of halr, homns,
{aathers. and other skin appendages. Insects and

respectively. Collagen and elastin proteins provide 8
fibrous framework in animal connective lissues.

* 5
e
M’IJ 3 - -‘ I‘~
Connective
tissue

spiders use silk fibers ta make their cocoons end webs,

Defensive proteins

Function: Protection against di

Exampie: Antibodies inactivate and help destroy
viruses and bacteria.

:E.,.{ }-/knﬁholﬂﬂ \H’f
e
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Transport proteins

Function: Transport of substances

Exampies: Hemoglobin, the iron-containing protein of
vertebrate blood, transports oxygen from the lungs to
other parts of the body. Other proteins transport
melecules across cell membranes.

Transport
prolein
e i
Cell membrane
Receptor proteins |

Function: Response of cell to chemical stimuli
Example: Receptors built into the membrane of 2
nerve cell detect signaling molecules released by
other nerve cells.

. Receptor
Signaling a e protein
molecules =23, "

Contractile and motor proteins

Function: Movement

Examples: Molor proteins are rasponsible for the
undulations of cilia and flagelia. Actin and myosin
proteins are responsible for the contraction of
muscles.

Actin

Myosin

Musclo tissuo ! i)
100 pm

Enzymatic proteins

Function: Sclective acceleration of chemical reactions
Example: Digestive enzymes calalyze the hydrolysis
of bonds in food molecules.

An lllustrative Example

Sickle cell anemia: One example of the relationship
hetween protein structure and organismal physiology (not

the only one, by any means!j

This is Hemoglobin!

It carries oxygen in your red blood cells

TS
CRAZY
IMPORTANT!
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This change in the structure of hemoglebin affects the function,
sickle-cell hemoglobin gets clumpy, and the red blood cells change shape.
Phey don't carry as much oxygen, and get stuck in blood vessels.
sickie-cell anemic people die at a young age from the disease
—_—
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:, Denaturation
\ There is a direct relationship between a protein's
A\ - . F - .
* conformation and its function.
Ii the conformation is altered, the function of the protein will
also be altered.
Denaturation: Change in the struclure of a protein.
Denatured proteins do not work well {if at all}. a5 st
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Visualizing Proteins
Because of ther complisaty, studving profein stneture &

fune tion Cproteomices”) can be overwhelming,

(FREEN Computer modeling software is frequently used to
help visualize important structural aspects,

Nucleic Acids
General info:

« The information storage molecules for biological
systems,

Made of C, H, O, N & P

2 kinds of nucleic acids: DNA & RNA

« All nucleic acids are polymers of nucleoticles.
Nucleotides consist of a phosphate, a pentose sugar,
and a nitrogenous base. -1 different bases in DNA &

RNA ity

.
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DNA vs. RNA

While similar in structure, there are a few key differences which
[eacl to major differences in function.
Pentose:
« DNA = deoxyribose  RNA = ribose
Hases:
« DNA = Adenine, Thymine, Guanine, Cvtosine
- RNA = Adenine, Uracil, Guanine, Cytosine

Strands [———
T L L]
« PINA = 2 strands . s ?
\(‘ QII - \I . - "?-1
« RNA = | strand P o G M o
Cyeaine Thyreire urnei
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DNA: Deoxyribonucleic Acid

PINA serves 2 functions in all life on Earth: (cg_Qf
| apescderet s

[. Stores information about the primary structure of proteins, (LMI n

ane the sequences of RNA molecules.
)

is heritable,
——
EYNA Struchune:

« 2 chais of covalently bonded
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Discovery of DNA Structure bj dahyd et

The most important biological discovery of the 20th century land arcuably,

the 2nd |11r'1cr[ important l":-vrl. ' i " V\ * LL“Q E L\\"J
Woatson & Crick - published the paper

Wilkins & Frankhn - did the X-Ray diffraction work

Some controversy aboul ethics of Watson & Crick.

Nobel Prize (19621 Watson, Crick, & Wilkins {Franklin was dead)

nucleondes, from sapar to

HINYT IDINE

phosphate., phosphodiester
[ s E';"!_“_’ R el

/+ Chains are bonded 1o each other by
/r Fivthrosen bonds Detween N Bases,

« Ahonds 1o T, G banes to C.

« Ponme 1A G always opposite
Uopmdine (1.0 .
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RNA: Ribonucleic Acid
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Information in Biology

- Biological systems age [iﬂ\?:'/vn';s matter, energy, & INFORMATION,

« The information stored in DNA moves to RNA beiore some ol
that nformation finally directs the construction of proteins,

v This is known as the "Central Dogma® of molecular biology.

v L will be the underpinning of the most important biological
acvances during vour lifetime (it already is!)
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protein

Make sure you can

ienthy the structures of the monomers and polvmers
ut the tane major hasses of macromoiecu les,

Diavram the syatheses and hydrolesis of carbobsydrales

avul by pegiticdes,

Fxplain the botogical functions of all of the molecules
discussed in this presentabon,

Explain the emersence of alt four levels of proteis
ST lure

[deerthe he role of wenesal role of nuwleie acids i

livanng systetm.



